Abstract. 2014 The electron distribution function of a rare gas plasma induced by high energy particles can be calculated, in its low and medium energy portion, without accurate knowledge of the inelastic processes, nor of the energy spectrum of the seed electrons. As an example, this calculation is applied to the case of neon irradiated by a D.C. proton beam.
J. Physique 41 (1980) We shall deal here with nuclear induced plasmas, which can be simulated effectively by plasmas created by accelerated ion beams [1, 2, 3] . This type of plasma is basically similar to electron beams generated plasmas. Nevertheless, electron beams are generally used as high intensity, short duration pulses. On the contrary, nuclear induced plasmas are characterized by long time scale and low electron density, thus needing a special treatment. The kinetics of electrons of nuclear induced plasma has been investigated in highly elaborate form by Hassan and Deese for some gases and gas mixtures subjected to fission fragments [4] . These authors take into account the elastic collisions with neutrals and the overall inelastic collisions, through time-consuming calculations, subject to the uncertainties of some cross-sections and particularized by the choice of the term source. They also ignore the effect of interelectron collisions, which may be significant at low energy. A similar problem was dealt with by Paola et al. [5] [6, 7] , the first to introduce this formalism, we shall designate this flux by the letter G so that the above equation takes the form Equation (3) and its application to the calculation of Gee and GeN are presented in [6] and [7] . The We also assume that Sw is negligible as compared to P w, for velocities lower than a threshold value, wL. In thèse conditions, the conservation equation (4) can be written in the form :
In particular, at infinity, where f and hence Gee and GeN tend towards zero :
Finally, if the limit WL is greater than the thermal velocity of the electrons, the calculation of f thus essentially boils down to the resolution of equation (11) of which the three terms are given by equations (5), (6) and (9) . In equation (9) , a is generally knpwn as a power of velocity, Wh. Thus, equation (11) where wg = (2 kTg/m)1/2.
The e-e collision term only depends on the gas selected via the Coulombian factor log A, which is a slow function of the electron variables. We shall take this equal to 8, subject to eventual confirmation of the effect that this approximation may have on the results (see Appendix 3).
The integrated source term corresponding to the mean beam conditions is given by the equation (MKS) [1] :
where N is the density of the neutral particles, and j the proton current density.
Substitution in equations (5), (6) and (9) of the values of v, ce and log A, and the different physical constants, for a temperature of 300 K, leads to the writing of equation (11) 1) The first is that the asymptotic variations in y, and y5, given respectively by equations (23) and (24), must be confirmed.
2) The second is the normalization condition of the distribution function :
or :
It appears clearly that the latter condition can only be analysed to the extent that the function y2(x) converges for a value of xo lower than the validity limit xL of the system of equations (25) .
Once the solutions Yi(X) corresponding to a value of the parameter r are obtained, the macroscopic characteristics of the electrons are easily inferred. The density is obtained by equation (13) figure 1 . The calculations parameter ne/p, and the distribution normalization constant ne are associated with the experimental variables p and j by the curve giving n,,Ij as a function of ne/p in figure 2, where the variation in temperature Te is also plotted. Figures 1 and 2 show the results in their most general form. They serve to obtain the variation in f, ne and Te with current, at a given pressure, or with pressure, at fixed current, as shown in figures 3 and 4. figure 4b shows that the density ne varies more rapidly than the square root of the current, as pointed out and explained in the experiment in [9] . This is due to the fact that fewer electrons are lost by recombination with rising temperature. The variation follows the approximate relationship ne oc jo.6, which shows good quantitative agreement with the conclusions of [2] . 4.4 It is important to know the number of electrons of a given energy and, to do this, the variation in the product fw2 was plotted in figure 5 . This helps to examine density of the fast electron population, corresponding to the secondary maximum. This density appears to be about three orders of magnitude lower than the density of slow electrons. Slow electrons thus constitute the essential part of total electron population.
4.5 Although their ionization rate is very low, nuclear induced plasmas are intermediate plasmas [ 1 OJ in which e-e collisions, far rarer than e-N collisions, figure 1 .
Without any apparent Maxwellian portion on the scale of the figure (one actually exists, on a range of a tenth of a volt, with a temperature near 500 K), and with a far slower variation, it only coincides with the solution previously calculated in the region of high energies. In particular, no secondary maximum appears in the population distribution plotted as a dotted line in figure 5 . The absence of heating by fast electrons is reflected by a lower « température », which has the effect of increasing the recombination efficiency, and hence of also reducing density. Hence the dotted curves in figures 3 The results obtained are illustrated by the curves plotted in dashed lines in figure 4 . A comparison with the solid curves corresponding to the approximation log A = 8 shows that the discrepancy is always small, less than 15 % for temperature, and 10 % for density.
